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ABSTRACT
The present study presents the influence exercised by LED (light emitting diodes)-s emitted white (W), red 
(R), blue (B) light on sprouting of buckwheat seeds and evaluated the effects on content of phenolic compounds, 
antioxidant capacity and flavonoids.The fresh weight of hypocotyls, showed that the R light has generated the 
best influence for sprouts and W light has generated the most adverse influence. The content of flavonoids was 
stimulated by R LED for variant sprouts with testa (V3), while both B and R LED inhibited for variant without 
testa (V4, V6). The higher concentration of polyphenols was obtained for V5 variant illuminated with B LED and 
increased for V4 variant illuminated with R LED. The antioxidant capacity was higher for V3 variant illuminated 
with B light and stimulated by R LED in V4 variant.The results contribute to the establishment an efficient working 
protocol, for obtaining sprouts from buckwheat seeds, with a comprehensive content of bioactive components, 
various nutrients by applying the R LED treatment. 
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INTRODUCTION
Fagopyrum esculentum Moench. (buckwheat), 
of Polygonaceae family and Fagopyrum type (Jing 
et al., 2016), is a species of an annual herbaceous 
plant, originating from Tibet, having multiple uses 
in human food, zootechnical industry, apiculture 
and human medicine (Pârvu, 1997). This is a 
species with valuable composition seeds (proteins, 
food fibers, lipids with unsaturated fats, vitamins, 
amino acids, antioxidants, phenols, flavonoids 
- Pârvu, 1997; Alvarez-Jubete et al., 2010; Jing 
et al., 2016; Park, 2017), for human nutrition. 
Fagopyrum esculentum Moench. (buckwheat), is 
also a species naturally gluten-free (Kupper, 2005; 
Coeliac UK, 2017). 
Sprouts of Fagopyrum esculentum Moench. 
(buckwheat), contain various compounds of a 
biological activity (rutin, proteins, etc.), which 
have bio-pharmaceutical uses (Li and Zhang, 
2001) as well as high anti-oxidizing activity (Kim
et al., 2008). 
As a consequence, whereas also that the 
demand for functional food is gradually increasing, 
getting sprouts at an experimental research level 
in sterile conditions can lay the foundation for 
the extension of getting the same at the micro-production level.
Polyphenols are secondary plant metabolites 
that play a role in the protection of plants against 
ultraviolet radiation, pathogens and herbivores 
(Harborne and Williams, 2000; Alvarez-Jubete 
et al., 2010). Fruits and beverages, such as tea, 
red wine and coffee, are the main sources of 
polyphenols, however,  vegetables, cereals or 
pseudocereals (as buckwheat) and leguminous 
plants are also good sources.
The LEDs treatments, applied for obtain sprouts 
from seeds were tested at Fagopyrum esculentum 
(all blue, red:blue:far-red or red:green:blue - Zakir 
H. M., 2007), and F. tataricum Gaertn. (red, blue or 
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red:blue - Sang-Won et al., 2014). Also, the LEDs 
treatments (red:blue or red:blue:white), were 
tested for hydroponically grown at Lactuca sativa 
L. var. capitata (Lin et al., 2013).
The processing  can modify the polyphenol 
content of foods in several ways (Manach et al., 
2005). In particular, sprouting has been reported 
as a means of increasing the polyphenol content 
of buckwheat seeds (Kim et al., 2004). Conversely, 
studies have shown that thermal processing of 
fruits, vegetables and cereals can have a detrimental 
effect on flavonoid compounds (Dietrych-Szostak 
and Oleszek, 1999). In this respect, our studies 
evaluated the content of polyphenols, flavonoids 
and antioxidant capacity of buckwheat sprouts 
illuminated with  white, red and blue LED.
MATERIALS AND METHODS 
The vegetal biological material consisted 
of seeds of Fagopyrum esculentum Moench. 
(buckwheat), as procured out of a trade source 
and finding themselves in dormancy phase. Seeds 
have been grouped in two categories, namely: S1 
(the category of seeds with testa – IN V1, V3 and 
V5) and S2 (the one without such testa – in V2, V4 
and V6). 
The working method, in terms of the vegetal 
biological material Fagopyrum esculentum 
Moench., has involved the compliance with the 
work conditions at the hood and it consisted of the 







), for 1ʼ; removing the 
aseptization solution by three washing sessions 
with aseptized distilled water H
2
O (Badea and 
Săndulescu, 2001; Cachiţă – Cosma et al., 2004); 
seeds inoculation on aseptized gauze and located 
in transparent containers; wetting the gauze with 
aseptized distilled water H
2
O in a share of 10 ml / 
upon seeds inoculation and 10 ml / the sixth day 
as of such seeds inoculation.
The experimental device, as used in testing 
treatments by LEDs emitted light in order to get 
sprouts out of Fagopyrum esculentum Moench. 
seeds was made up of three sets of LEDs (LED = 
Light Emitting Diode). LEDs have emitted light 
out of the white, red or blue light spectrum (Zakir, 
2007; Lin et al., 2013; Sang-Won et al., 2014), 
subject to the treatment being applied. The 
technical specifications of LEDs are: power 18 
W, voltage 220 V, light flux 435 lm and dominant 
wavelength (cold white, deep red or high blue).
Methods of statistical analysis. Each experimental variant consisted in three repetitions 
with 45 seeds / repetition. For each individual 
inoculate were made the measurements. The 
average value and standard error were determinate 
per each experimental variant.
The incubation conditions provided for the 
temperature of 21°C  ± 2°C, as well as for the 
enforcement of treatments for 16 hours within 24 
h period of time (Lin et al., 2013). Treatments have 
been applied after the first 72 h. During the first 
72 h, seeds have been kept in the dark.
The experimental plan, as used for testing 
treatments by LEDs – emitted light in order to get 
sprouts out of Fagopyrum esculentum Moench. 
seeds consisted of six experimental variants, 
respectively:
- V1 / WS1 = treatment by white color LED – emitted 
light (W) + seeds with testa (S1- control);
- V2 / WS2 = treatment by white color LED – 
emitted light (W) + seeds without testa (S2 - 
control);
- V3 / RS1 = treatment by red color LED – emitted 
light (R) + seeds with testa (S1);
- V4 / RS2 = treatment by red color LED – emitted 
light (R) + seeds without testa (S2);
- V5 / BS1 = treatment by blue color LED – emitted 
light (B) + seeds with testa (S1) and
- V6 / BS2 = treatment by blue color LED – emitted 
light (B) + seeds without testa (S2).
Each such experimental variant included  45 
Fagopyrum esculentum Moench. seeds and it has 
been repeated three times. For each inoculation 
one has conducted quantitative determinations 
(the sprouts rate, the fresh weight of sprouts, the 
fresh weight of cotyledons, the fresh weight of 
hypocotyls and the fresh weight of roots), as well 
as morphometric determinations (the length of 
hypocotyls). 
The biological material of Fagopyrum 
esculentum Moench. (sprouts with testa – S1 or 
without testa – S2), has also been analyzed by 
biochemical determinations (the contents in 
polyphenol compounds, the antioxidizing capacity 
and the content of flavonoid). 
Preparation of methanolic extracts. 4 ml of 
100% methanol were added to 1g of sprout + 
seed buckwheat and grounded in a mortar with 
pestle. The extract was maintained overnight to 
4oC. After centrifugation 20 min. at 15.000 rpm 
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the supernatant was used for determination of 
phenolic compounds, antioxidant capacity and 
flavanoids content.
The polyphenol content of methanolic 
extracts were evaluated using a modified method 
of the Folin-Ciocalteu reagent (Mihailović et al., 
2013). The reaction mixture consisted from 0.5 
ml methanolic extract, 2.5 ml Folin-Ciocalteu 





was incubated for 30 min. at room temperature. 
The absorbance was measured at 765nm. The 
calibration curve was prepar with different 
concentrations of gallic acid. The results are 
expressed in mg gallic acid equivalent/g fresh 
weight.
 The antioxidant capacity of methanolic 
extracts were carried out according to Marxen 
et al. (2007), using DPPH (2,2-diphenyl-1-
picrylhydrazyl) and a calibration curve with 
Trolox as antioxidant standard. The mixture was 
incubated at room temperature for 30 min. and 
spectrophotometrically detected at 517nm. The 
antioxidant capacity was expressed in mMTrolox/g 
fresh weight.
The flavonoid compounds of methanolic 
extracts were estimated using  Zhishen et al. 
(1999), modified method  with aluminum 
chloride. The 0.5 mL of methanolic extract were 
mixed with 2 ml of distilled water and 150 µl of 
5% sodium nitrate. After 5 min., added 150 µl of 
10% aluminum chloride and incubated for 6 min 
and then 2ml of 4% sodium hydroxide were added. 
Absorbance of the mixtures was measured at 510
nm. It used a calibration curve with rutin.
The experimental outcomes having been 
recorded, as per each parameter having been 
determined, have been statistically analyzed and 
processed under the form of an average value and 
standard deviation. The flavonoids concentration 
was expressed in mg rutin equivalent/g fresh 
weight.
RESULTS AND DISCUSSIONS 
The experimental outcomes, as got by testing 
LEDs-emitted light – based treatments in order to 
get sprouts out of Fagopyrum esculentum Moench. 
seeds and duly registered in terms of quantitatively determined parameters.
The experimental results, as got for the 
average values of the sprouts rate (Figure 1), as 
per experimental variant, show a certain evolution 
in time, between the fifth day and the eight day, 
which varies a great deal, subject to the category 
of the vegetal biological material (S1 or S2) and 
which does not vary at all, or which is almost 
similar, subject to the color of the light being used 
for the enforcement of the irradiation treatment 
(W, R or B). Thus, in the case of the experimental 
variants being tested (V1, V3 and V5), in terms 
of the biological material under category S1, 
one may notice both the increase of the sprouts 
rate, as got in the case of white light treatments 
(from 34±0.71 to 37±0.27/WS1) or blue light 
(from 34±0.71 to 38±0.28/BS1), as well as the 
stagnation of the sprouts rate, as got in the case of 


































Fig. 1. Evolution in time (days – D5 and D8), in terms of the average values of the rate of sprouts, as got 
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in the case of the experimental variants being 
tested (V2, V4 and V6), in terms of the biological 
material under category S2, one finds an increase 
of the rate of sprouts, as got only in the case of the 
treatment by white light (from 43 to 45/WS2), and 
the maintenance of the rate of sprouts, as used in 
the case of treatments by red light (45 / RS2) or 
blue light (45/BS2). 
The experimental outcomes, as achieved in 
terms of the average values of the overall fresh 
weight of sprouts (Figure 2), per experimental 
variant being tested, show a certain evolution in 
time, between the fifth and the eighth day. This 
evolution is variable and upward both in terms 
of S1 as well as in terms of S2, showing distinctly 
significant outcomes and only one insignificant result.
Subject to the color of the light being used 
for the enforcement of the irradiation treatment 
(W, R or B), in the case of the biological material 
under category S1, one may notice that on the fifth 
day, there occur a series of very high fluctuations 
(between V1/WS1 and V3/RS1, as well as between 
V3/RS1 and V5/) and some high fluctuations 
(between V1/WS1 and V5/BS1).Whereas, in 
terms of the eighth day, one may still notice such 
very high fluctuations (between V1/WS1 and V3/
RS, as well as between V3/RS1 and V5/BS1), and 
some high such fluctuations (between V1/WS1 
and V5/BS1). 
Also, subject to the color of the light being used 
for the enforcement of the irradiation treatment 
(W, R or B), in the case of the biological material 
under category S2, one may notice that on the fifth 
day, there occur just one may notice that on the 
fifth day, there occur just very high fluctuations 
(between V2/WS2 and V4/RS2, between V2/WS2 
and V6/BS2, and between V4/RS2, and V6/BS2). 
And on the eighth day one may notice the following 
types of fluctuations: very high (between V2/WS2 
and V4/RS2), high (between V2/WS2 and V6/
BS2), and low (between V4/RS2 and V6/BS2).
The experimental outcomes being achieved in 
terms of the fresh weight of cotyledons (Figure 3), 
per experimental variant, show a certain evolution 
in time, in between the fifth and the eighth day. 
Such evolution is variable and upward both in 
terms of S1 and in terms of S2, showing distinctly 
significant results, insignificant results and only 
one such significant result.
Subject to the color of the light being used for 
the enforcement of the irradiation treatment (W, R 
or B), in the case of the biological material under 
category S1, one may notice that on the fifth day, 
there occur only very low fluctuations (between 
V1/WS1 and V3/RS1, between V1/WS1 and V5/
BS1, and between V3/RS1 and V5/BS1). And in 
terms of the eighth day, one may notice both very 
high fluctuations (between V1/WS1 and V5/BS1, 
and between V3/RS1 and V5/BS1), as well as one 
very low fluctuation (between V1/WS1 and V3/
RS1).
 Also, subject to the color of the light being used 
for the enforcement of the irradiation treatment 
(W, R or B), in the case of the biological material 





































Fig. 2. Evolution in time (days – D5 and D8), in terms of the average values of the overall fresh weight of 
sprouts (g), subject to the experimental value (V1 / WS1, V2 / WS2, V3 / RS1, V4 / RS2, V5 / BS1 and 
V6 / BS2) being tested
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fifth day, there occur both very high fluctuations 
(between V2/WS2 and V4/RS2, as well as between 
V4/RS2 and V6/BS2 in terms of S2), as well as one 
very low fluctuation (between V2/WS2 and V6/
BS2). Whereas, in terms of the eighth day, one may 
notice the following types of fluctuations: high 
(between V4/RS2 and V6/BS2), average (between 
V2/WS2 and V6/BS2), and low (between V2/WS2 
and V4/RS2).
The experimental outcomes being achieved 
in terms of the average values of the fresh weight 
of hypocotyls (Figure 4), per experimental variant 
being tested, show a certain evolution in time, in 
between the fifth and the eighth day. Such evolution 
is variable and upward both in terms of S1 and 
in terms of S2, showing distinctly significant and 
significant results.
Subject to the color of the light being used for 
the enforcement of the irradiation treatment (W, R 
or B), in the case of the biological material under 
category S1, one may notice that on the fifth day, 
there occur both very high fluctuations (between 
V1/WS1 and V3/RS1, as well as between V3/
RS1 and V5/BS1), as well as one low fluctuation 
(between V1/WS1 and V5/BS1). Whereas, in terms 
of the eighth day, one may notice the following 
types of fluctuations: very high (in between V1/
WS1 and V3/RS1), high (in between V1/WS1 and 










































Fig. 3. Evolution in time (days – D5 and D8), in terms of the average values of the fresh weight of 
cotyledons (g), subject to the experimental variant (V1 / WS1, V2 / WS2, V3 / RS1, V4 / RS2, V5 / BS1 







































Fig. 4. Evolution in time (days – D5 and D8), in terms of the average values of the fresh weight of 
hypocotyls (g), subject to the experimental variant (V1 / WS1, V2 / WS2, V3 / RS1, V4 / RS2, V5 / BS1 
and V6 / BS2) being tested
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Also, subject to the color of the light being 
used for the enforcement of the irradiation 
treatment (W, R or B), in the case of the biological 
material under category S2, one may notice that 
on the fifth day, there occur the following types 
of fluctuations: very high (in between V2/WS2 
and V4/RS2), high (between V2/WS2 and V6/
BS2), and low (between V4/RS2 and V6/BS2). 
And in terms of the eighth day, one may notice the 
following fluctuations: very high (in between V2/
RS2 and V4/BS2), high (in between V2/WS2 and 
V6/BS2), and low (in between V4/WS2 and V6/
RS2).
The experimental outcomes duly achieved in 
terms of the average values of the fresh weight of 
roots (Figure 5), per experimental variant being 
tested, show a certain evolution in time, in between 
the fifth and the eighth day. Such evolution is 
variable and upward both in terms of S1, as well 
as in terms of S2, showing insignificant, significant 
results and only one distinctly significant result.
Subject to the color of the light being used 
for the enforcement of the irradiation treatment 
(W, R or B), in the case of the biological material 
under category S1, one may notice that on the 
fifth day, there occur both very low fluctuations 
(in between V1/WS1 and V5/BS1, as well as 
between V3/RS1 and V5/BS1), as well as one 
low fluctuation (in between V1/WS1 and V3/
RS1). Whereas, on the eight day, one may notice 
only low such fluctuations (V1/WS1 and V3/RS1, 
between V1/WS1 and V5/BS1, as well as between 
V3/RS1 and V5/BS1). Also, subject to the color 
of the light being used for the enforcement of the 
irradiation treatment (W, R or B), in the case of the 
biological material under category S2, one may 
notice that on the fifth day, there occur both low 
fluctuations (in between V2/WS2 and V6/BS2, as 
well as between V4/RS2 and V6/BS2), as well as 
one average fluctuation (between V2/WS2 and 
V4/RS2).Whereas, in terms of the eighth day, one 
may notice both average fluctuations (between 
V2/WS2 and V6/BS2, as well as between V4/RS2 
and V6/BS2), as well as one very high fluctuation 
(between V2/WS2 and V4/RS2).
The experimental outcomes, as got by testing 
LEDs-emitted light – based treatments in order 
to get sprouts and duly registered in terms of 
morphometrically determined parameters.
The experimental results duly registered 
in terms of the average values of the length of 
hypocotyls (Figure 6), as achieved from Fagopyrum 
esculentum Moench. sprouts, per experimental 
value, show a certain evolution in time, in between 
the fifth and the eighth day, which varies in a 
highly significant degree, subject to the category 
of vegetal biological material (S1 or S2), and which 
varies quite significantly, subject to the color of the 
light used for enforcing the relevant irradiation 
system (W, R or B).
As a consequence, the best experimental 
results in terms of S1, have been achieved following 
the treatment by LEDs-red light emission (V3), 








































Fig. 5. Evolution in time (days – D5 and D8), in terms of the average values of the fresh weight of roots 
(mg), subject to the experimental variant (V1 / WS1, V2 / WS2, V3 / RS1, V4 / RS2, V5 / BS1 and V6 
/ BS2) being tested
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from Sprouts have reached their maximum level, 
both on the fifth day (V3 by 4.89cm/WS1), as 
well as on the eighth day (V3 by 7.02cm/WS1). 
In terms of S2, the white light based treatment 
has triggered the best experimental outcomes in 
terms of the fifth day (V2 by 5.93cm/WS2). Also in 
terms of S2, treatments by red or blue light have 
triggered the best  experimental results as related 
to the eighth day (V4 by 8.20cm/RS2 and V6 again 
by 8.20cm/BS2).
Whereas, the lowest experimental results, in 
terms of S1, have been achieved by the treatments 
accomplished by LEDs-white or blue light emission 
(V1 or V5), since the average values of hypocotyls 
from sprouts have reached their minimum level, 
on the fifth day (V1 by 4.27cm/WS1) or on the 
eighth day (V5 by 5.93cm/BS1). And in terms of 
S2, treatments applied by blue or white light (V6 
or V2), have triggered the lowest experimental 
outcomes, since the average values of the length 
of hypocotyls have reached their minimum level, 
both in terms of the fifth day (V6 by 5.23cm/
BS2), as well as in terms of the eighth day (V2 by 
7.26cm/WS2).
The experimental outcomes, as got by testing 
LEDs-emitted light – based treatments in order 
to get sprouts and duly registered in terms of 
biochemically determined parameters.
The polyphenol content (Figure 7), of sprouts 
buckwheat illumintated with red and blue varied 
for variant with (V3/RS1 and V5/BS1)  or without 
(V4/RS2 and V6/BS2) testa. The concentration 
of polyphenol was inhibited by illumination with 
red (V3/RS1) light LED while the blue (V5/BS1) 
light LED amplified for the variant with testa. The 
illumination with red (V4/RS2) light LED induced 
a high concentration of polyphenols comparative 



































Fig. 6. Evolution in time (days – D5 and D8), in terms of the average values of the length of hypocotyls 
(cm), as achieved from Fagopyrum esculentum Moench. sprouts, subject to the experimental variant 




















Fig. 7. The polyphenol content of Fagopyrum esculentum Moench. sprouts, subject to the experimental 
variant (V1 / WS1, V2 / WS2, V3 / RS1, V4 / RS2, V5 / BS1 and V6 / BS2) being tested
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LED induced an inhibition of plyphenol content for 
the variant without testa.
The antioxidant capacity (Figure 8), was 
higher for the variant with testa illuminated with 
blue LED light (V5), comparison with red and 
white LED light. The red LED light induced the 
higher value of antioxidant capacity for the variant 
without testa. 
The flavonoid content (Figure 9), was higher 
for the variant of sprouts  iluminated with red (V3/
RS1) LED light (with testa). The blue (V5/BS1) 
light LED induced an inmhibition of concentration 
of flavonoids for the variant with testa. The 
flavonoid concentration was lower for sprouts 
illuminated with red (V4/RS2) and blue (V6/BS2) 
LED in comparison with the control (V2/WS2) for 
the variant without testa (S2 – V2, V4 and V6).
Our results are according with previous 
reports of Sang-Won et al., 2014 who indicate that 
the level of total phenolic compound in buckwheat 
(Fagopyrum esculentum Moench.), sprouts 
increased by application of red LED for the variant 
without testa. This is explain by acceleration of 
polyphenols biosynthesis in the absence of testa 
and a reduced time for obtaining sprouts.
CONCLUSIONS
The best experimental results achieved by 
testing LEDs-emitted white, red or blue light, in 
order to get sprouts out of Fagopyrum esculentum 
Moench. seeds and duly registered in terms of the 
quantitatively determined parameters, regardless 
of the category of the relevant vegetal biological 
material (either S1 or S2), have been duly 
monitored  in the case of the treatment by LEDs-
emitted red light (V3 and V4), since the average 
values of:
- the rate of sprouts as achieved, have been 
maximum and similar, in between the fifth and 
the eighth day (V3 by 38/RS1 and V4 by 45/
RS2);
- the overall fresh weight of sprouts, have been 
maximum, both in terms of the fifth day (V3 by 
4.283g / RS1 and V4 by 6.167g / RS2), as well as 
in terms of the eighth day (V3 by 5.933g / RS1 
and V4 by 8.122g / RS2);
- the fresh weight of cotyledons, as achieved from 
sprouts have been maximum, both in terms 
of the fifth day (V3 by 4.283g /RS1 and V4 by 
6.167g /RS2), as well as in terms of the eighth 














Fig. 8. The antioxidant capacity of Fagopyrum esculentum Moench. sprouts, subject to the experimental 
















Fig. 9. The flavonoid content of Fagopyrum esculentum Moench. sprouts, subject to the experimental 
variant (V1 / WS1, V2 / WS2, V3 / RS1, V4 / RS2, V5 / BS1 and V6 / BS2) being tested
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- the fresh weight of hypocotyls as achieved from 
sprouts have been maximum, both in terms 
of the fifth day (V3 by 1.611g/RS1 and V4 by 
3.070g/RS2), as well as in terms of the eighth 
day (V3 by 2.382g/RS1 and V4 by 4.070g /RS2) and
- the fresh weight of roots, as achieved from 
sprouts have been maximum, both in terms 
of the fifth day (V3 by 351mg/RS1 and V4 by 
585mg/RS2), as well as in terms of the eighth 
day (V3 by 496mg/RS1 and V4 by 815mg/RS2). 
The best experimental results achieved by 
testing LEDs-emitted white, red or blue light, in 
order to get sprouts out of Fagopyrum esculentum 
Moench. seeds and duly registered in terms of 
the morphometrically determined parameters, 
as related to S1, have been achieved following the 
treatment by LEDs-emitted red light (V3), since 
the average values of the length of hypocotyls have 
reached their maximum level, both on the fifth day 
(V3 by 4.89 cm/WS1), as well as on the eighth 
day (V3 by 7.02 cm/WS1).Whereas, in terms of 
S2, the treatment by white light has triggered the 
best experimental outcomes on the fifth day (V2 
by 5.93cm/WS2). And the treatments by red or 
blue light have triggered the best experimental 
outcomes in terms of the eighth day (V4 by 
8.20cm/RS2 and V6 again by 8.20cm/BS2).
The evaluation of concentrations of 
polyphenols and flavonoids provides information 
nutritional quality of  buckwheat sprouts. The 
antioxidant activity higher induced by regarding 
the effect of blue and red light LED  useful for 
knowing some indicators about the illumination 
with blue and red light LED is important because 
the sprouts of pseudocereals represents achievable 
ingredients in gluten-free bakery products or 
consumed as raw material for  improvement 
nutritional quality. These light LED tratments 
can enhance the nutritional quality of buckwheat 
sprouts and finally the human food.
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